ABSTRACT
Introduction
In Tunisia, breast cancer is the leading female cancer with an adjusted incidence of 30 per 100,000 per year [1] . Although patients with operable disease account for approximately two thirds of the cases, they usually present with large tumors and/or lymph node involvement [2] , thus requiring a multimodality therapeutic approach.
In another hand, overweight, defined by a body mass index (BMI) higher than 25 kg/m 2 , is a common problem among Tunisian women, with a prevalence of 51%, and the half of them being obese (BMI > 30 kg/m 2 ) [3] . During the last two decades, a growing amount of literature had demonstrated a negative impact for overweight at diagnosis on the outcome of breast cancer [4] . The prognostic value of high BMI was consistently reported in various settings, including post-menopausal and premenopausal patients, early stage and locally-advanced disease, and different ethnic groups, mainly Caucasians and Asians [5] [6] [7] [8] [9] . Whether such correlation exists in North-African women with breast cancer is not documented.
In this context, the present study aimed to investigate the relation of BMI to the outcome in a cohort of Tunisian women with operable breast cancer uniformly treated with primary surgery followed by epirubicinbased adjuvant chemotherapy.
Patients and Methods
Between January 1995 and December 2005, 322 patients with operable breast carcinoma received adjuvant epirubicin-based chemotherapy in our centre. Information on weight and height at diagnosis was available for 227 patients, who form the basis for this retrospective study.
Operable breast cancer was defined as clinical T0-3N0-1 or T4b N0-1 disease with limited skin involvement. A baseline negative staging work-up including chest x-ray, liver ultra sonography and bone scan was mandatory for all patients, regardless of clinical stage. Primary surgery consisted of radical modified mastectomy or breast-sparing operation, with axillary lymph node dissection.
All patients received adjuvant chemotherapy, which was mandated by the presence of one or more of the following risk factors: age <35, pathological tumor size >2 cm, lymph node involvement, negative hormone receptor status, histological grade 2 or 3. Radiotherapy was indicated after chemotherapy in the presence of any of the following: breast-conserving surgery, lymph node involvement, clinical stage T3 or T4b, multifocal/multicenter tumor, or microscopic positive margins (R1 resection). For patients with hormone-receptor positive disease, tamoxifen 20 mg daily was given regardless of menopausal status. BMI at diagnosis, calculated as the weight (kg) divided by the height (m) squared, was dichotomised above and below the median value. The comparison between higher-BMI (BMI-H) and lower-BMI (BMI-L) groups was performed using Wilcoxon rank sum test for continuous variables, and khi-square or Fisher exact test, as appropriate, for categorical variables. Variables with p-values < 0.20 were considered of borderline significance and were included as covariates for subsequent analyses. We used the Kaplan-Meier method to compute survival plots. DFS was defined as the time from surgery until relapse (local or distant), contralateral breast cancer or death, whichever occurred first. OS was calculated from surgery until death from any cause or last follow-up. We performed a Cox regression that adjusted for patients' characteristics that were different (p < 0.20) between the two groups to calculate hazard ratios (HR) for DFS between BMI-H and BMI-L groups. To test the interaction between BMI category and time, we compared the effect of BMI on DFS in two consecutive time intervals using a piecewise Cox regression model.
Results

Patients' and Disease Characteristics
Median age at diagnosis was 48 (range: 24 -75). Among 162 patients for whom findings from initial physical examination were known, the majority had stage II or stage III disease (65% and 32%, respectively). Among 216 (97%) patients with available information for hormone receptor status, estrogen and/or progesterone receptors were positive in 134 (62%) of the cases. As it can be seen in Table 1 , most patients had histologic grade 2 or 3 (87%) ductal infiltrating carcinoma (86%), with a tumor size >2 cm (70%) and lymph node involvement (60%).
According to the World Health Organisation (WHO) classification, 85 patients had grade 1 overweight (BMI between 25 and 29.9 kg/m 2 ) and 76 were obese (BMI ≥ 30 kg/m 2 ), for a total overweight rate of 71%. Sixty two (27%) patients were in the normal BMI range, while the remaining 4 (2%) patients were in the lowest BMI cate- . Compared with those whom BMI was above the median, leaner patients tended to be younger, more likely to be pre-or peri-menopausal, and more likely to have hormone-unresponsive tumors (0.05 < p < 0.20). Other disease characteristics, including tumor size and lymph node involvement, did not significantly differ between the two groups ( Table 1) .
Treatment
Surgery consisted of total mastectomy in the majority (79%) of the patients. Radiotherapy was given in 88% and 100% of the cases after mastectomy and breastsparing surgery, respectively. All patients underwent fluoro-uracil, epirubicin and cyclophosphamide (FEC) adjuvant chemotherapy, with varying epirubicin doses (50, 60 or 100 mg/m 2 ). No statistically-significant differences were found between the two BMI groups with respect to treatment modalities ( Table 1 ).
Survival Outcomes
At a median follow-up of 56 months, 5-year DFS for the entire cohort was 70%. DFS and OS events in each BMI group are summarised in Table 2 .
There was a non-statistically significant 6% absolute difference between the two BMI groups in terms of DFS, with a 5-year DFS of 73% and 67% for the BMI-H and BMI-L groups, respectively (HR for BMI-H versus BMI-L: 0.72; 95% CI, 0.45 to 1.15; log-rank p = 0.17) (Figure 1(a) ). Comparable results were found after adjusting for age, menopausal status and hormone-receptor status (HR = 0.70; 95% CI, 0.41 to 1.18). The rate of overall survival (OS) at 5 years was 82% in the higher-BMI group and 77% in the lower-BMI group (HR = 1.00, 95% CI, 0.57 to 1.79; log-rank p = 0.98) (Figure  1(b) ).
On the basis on Figure 1(a) , we analysed DFS using a piecewise Cox regression with change point at 3 years. There was a statistically significant interaction between BMI category and time (p < 0.001), implying that the effect of BMI changes across time. Within the first 3 years, the adjusted HR for DFS between BMI-H and BMI -L groups was 1.13 (95% CI, 0.59 to 2.15). After 3 years, the likelihood of a DFS event was nearly 4 fold lower for the BMI-H group compared with the BMI-L group (log-rank p = 0.03; adjusted HR = 0.28; 95% CI, 0.09 to 0.84).
The unadjusted HR for DFS between BMI-H and BMI-L groups in various patients subgroups are shown in Table 3 . No significant interaction was found between BMI and any of the patients' and disease characteristics analysed (p values not shown).
Discussion
Unexpectedly, the present study shows that overweight is not associated with advanced tumor stage or lymph node involvement at diagnosis in Tunisian women with operable breast cancer. Moreover, a major finding from our study is that overweight is associated with a reduced risk of late recurrence. In view of the existing evidence demonstrating a negative effect of overweight on breast can- cer patients' DFS and OS, our results are seemingly surprising.
In view of reported association between increased body weight at diagnosis and advanced disease, it has been hypothesised that the higher exposure to endogenous estrogens mediated by adipose tissue may explain the prognostic effect of obesity. In our study, tumor stage and lymph node involvement were similar between BMI-H and BMI-L groups. One may argue that the difference in DFS may be due to the fact that more BMI-H patients had hormone-receptor positive disease. However, the effect of overweight was not modified after adjustment for hormone receptor status.
It has been suggested that the effect of obesity on breast cancer outcomes may be mediated by leptin, a neuroendocrine hormone linked to obesity [10] . However, elevated levels of leptin were not associated with outcome in 471 women with operable breast cancer [11] . Recently, a Tunisian group investigated the prognostic value of polymorphisms in leptin gene 5' promoter region, and found a decreased DFS in breast carcinoma patients with the 2548A allele [12] . In another hand, it had been shown that the genotype 2548 G/A is significantly associated with obesity, compared with the homozygous G/G genotype [13] . Taken together, the results of these two studies suggest that the risk of breast cancer recurrence is increased in obese patients, which is in opposition with our findings. Nonetheless, the report by Snoussi et al. [12] was limited by patients' heterogeneity for disease and treatment characteristics and the loss of leptin gene polymorphism prognostic value after multivariate analysis. Thus, this study should be only regarded as hypothesis-generating and further research is needed to properly assess the prognostic value of leptin and its receptor in Tunisian breast cancer patients.
Although our findings are in contrast with published literature with respect to the relation of overweight to early breast cancer outcomes, it is interesting to note that results similar to ours have been reported in patients with inflammatory breast cancer (IBC). Indeed, in a single-institution study of 100 Tunisian women with IBC, mostly pre-menopausal, the 3-year progression-free survival was 15%, 21% and 34% in normal, overweight and obese patients, respectively [14] . Similarly, in a report from the M.D. Anderson group, long-term OS was approximately doubled in pre-menopausal obese patients with IBC compared with their leaner counterparts. Of note, as in our study, survival curves were overlapping during the first 3 years of follow-up, but did clearly separate thereafter [15] .
One of the key biologic features of IBC is the over expression of RhoC GTPase (RhoC), which is thought to be responsible of the high aggressiveness of the disease [16] . Interestingly, weight gain is associated with increased expression of caveolin-1 [17] , and caveolin-1 inhibits RhoC activation and subsequent p38 MAPK pathway [18] . Another major component of the "inflammatory signature" is the insulin-like growth factor (IGF) pathway, which promotes invasion and metastasis [19, 20] . Interestingly, in a recently reported large study, obese women had lower circulating levels of IGF-1 than their counterparts with normal range BMI [21] . Thus, both RhoC-Caveolin-1 and IGF-1 pathways may account for the favourable prognostic effect of overweight in IBC. But how would this apply to patients with operable breast cancer?
Tunisian patients with breast cancer have fewer grade 1 and fewer hormone-responsive tumors then their counterparts from Western countries [22] . High grade and low endocrine responsiveness are typically encountered in IBC [23] . Moreover, breast cancer incidence peaks in Tunisian women aged between 45 and 49 years, and shows a plateau thereafter [1] , a figure that is remarkably similar to IBC in Western countries [24] . Taken together, these data suggest that operable breast cancer in Tunisian women may share major biologic features with IBC, thus resulting in similar effect of overweight on outcome.
One of the strengths of our study is the ethnic homogeneity of our patients and the uniformity of loco-regional and systemic treatment. A baseline work-up was systematically performed, thus excluding patients with unsuspected distant metastasis, albeit such practice is not currently recommended for patients with stage II breast cancer [25] . Therefore, we had an excellent opportunity to assess the prognostic value of overweight with minimal effect of potential confounding parameters.
Nonetheless, as with any study, our study has some limitations. The relatively small number of patients and short follow-up made it difficult to detect a difference in OS between BMI groups. Moreover, our analysis was based on BMI dichotomization on its median rather than WHO-defined BMI categories. However, the relevance of WHO-defined BMI categories to non-European populations has been questioned [26] , and remains to be proved in North African population.
Conclusions
A negative impact for overweight at diagnosis on the outcome of breast cancer has been demonstrated in the literature. In our study, we found an inverse correlation between overweight and the risk of recurrence in Tunisian women with operable breast cancer. Another finding in contrast with previous literature was the lack of association between obesity and disease stage at presentation, reinforcing the hypothesis of a biologically different disease. International partnership is urgently needed to promote research aiming to study the molecular profile and identify cell pathways involved in breast carcinogenesis in Tunisian women.
